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INTRODUCTION
The insurance of a sustainable economic growth and macroeconomic stability represents a major objective for the economic policy of every state. The recent economic crisis determined larger volatilities of the output growth and inflation and accentuated the uncertainty regarding the evolution of the most important macroeconomic indicators. In this context, the study of the relationship among inflation, output growth and their uncertainties represents an important topic for the national policy makers as well as for the specialists.
Starting from the 1990s, besides the implementation of economic reforms and the transition to market economy, the Central and East European countries have experienced great inflationist phenomena. Among these countries, Romania experienced one of the highest inflation rates (256.1 % in 1993). The inconsistency of the economic reform measures determined a significant variability of inflation, 2005 being the first year in which a single digit inflation (9 %) was recorded. Thus, in Romania's case, inflation is considered to be one of the main phenomena of instability of the economic environment and the uncertainty about future inflation can lead to uncertainty about other economic variables. For Romania, as a member of the European Union, an important objective of economic policy is to ensure real convergence with developed economies and this can be achieved by registering a high level of growth in conjunction with macroeconomic stability.
The economic crisis which started in 2008 resulted in a significant reduction of the GDP growth, which emphasized the variability and uncertainty of ensuring sustainable economic growth. In this economic context, the analysis of the relationship among inflation, economic growth and their uncertainties for Romania may represent a foundation for the formulation of proposals that would aim at the insurance of a sustainable economic growth.
In the present paper, we analyse the causalities between inflation, output growth and their uncertainties in Romania. We use monthly-recorded data for the 1990-2014 period related to output growth and inflation to estimate their uncertainties by different heteroskedastic models. Inflation is measured by means of the Consumer Price Index (CPI) and Output Growth is measured by the Industrial Production Index (IPI).
The inflationist phenomenon represented for Romania one of the main factors of instability of the economic environment. In compliance with the strategy of inflation targeting, that aimed, in the pre-adherence program to the European Union, to reach an inflation level below 10 %, we split the data series in two subsamples because in the first part of the period we have very high values for inflation. We chose the breaking-point by determining the first month for which the inflation average for the last 12 months is lower than 10 %. This condition was Of the 12 possible hypotheses regarding causal relationships between uncertainties, output growth and inflation, we consider the ones for which we find strong theoretical arguments and empirical evidence in the literature. In order to ensure the robustness of the results, the Granger-causality tests are performed for 4, 8and 12lags, which are then used to test the selected hypotheses.
The paper is structured as follows: Section 2 presents the hypotheses regarding the causality between output growth, inflation and their uncertainties, as well as the empirical literature to date; Section 3 describes the methodology, namely the heteroskedastic models used for the estimation of the conditional residual variances as measures of uncertainty; Section 4 presents the results, while Section 5 concludes.
LITERATURE REVIEW
The relationship between inflation, output growth and their uncertainties has been extensively researched since the 1970s, following the publication of Milton Friedman's (1977) Nobel lecture.
The most discussed issue concerns the relationship between inflation and its uncertainty, which was first analysed by Okun (1971) , who found a positive relationship between the inflation rate and its variability for 17 OECD countries. Yet the real contribution would later belong to Friedman's (1977) work on the real effects of inflation. The latter author states that an increase in inflation leads to more uncertainty, which ultimately leads to a decrease in output.
The literature on the subject is thus fairly vast and regards both the theoretical foundation for the existence and direction of those relationships and the empirical evidence found for the developed and transition economies (Grier and Perry, 2000; Neanidis and Savva, 2012; Hartmann and Roestel, 2013, Goktas and Disbudak, 2014; Clements and Galvao, 2014) .
In the present paper, we analyse 7 out of the 12 possible hypotheses regarding the causal relationship among inflation, output growth and their uncertainties (Grier and Perry, 2000) and we find strong theoretical as well as 
H1: Inflation Granger-causes inflation uncertainty
The first hypothesis according to which inflation Granger-causes inflation uncertainty is the most investigated in the literature. Various studies prove that inflation causes important costs for the economy, one of which is related to uncertainty about future inflation rates due to the effects it has on future investment and saving decisions of economic units. Friedman (1977) and Ball (1992) found empirical evidence for a positive relationship between inflation and inflation uncertainty, while other authors, such as Pourgerami and Maskus (1987) , Hungarian and Zilberfarb (1993), Davis and Kanago (2000) found an opposite causal relationship. Seen as a cause or an effect of inflation, the literature highlights the negative effects of inflation uncertainty on economic variables like investment and growth. More recent studies confirm the causal relationship between inflation and inflation uncertainty (Grier and Perry, 1998; Fountas, 2001 ; Hwang, 2001; Thornton, 2007 Thornton, , 2008 .
H2: Inflation uncertainty Granger-causes output growth
In his Nobel lecture, Friedman (1977) argued that an increase in inflation will lead to more uncertainty about inflation, leading to a decrease in output. Inflation uncertainty affects resource allocation through its effects on interest rates, the real cost of inputs and final goods prices.
Contrary to Friedman, Dotsey and Sarte (2000), using "cash-in-advance" type of model, showed that high levels of inflation uncertainty have a positive impact on economic growth. Increased inflation uncertainty causes increased savings and thus increased investment and output. The relationship between inflation and growth is confirmed by recent studies by Hasanov and Omay (2011) and Khan et al. (2013) that investigated the phenomenon in the countries of Central and Eastern Europe.
H3: Inflation uncertainty Granger-causes inflation
The hypothesis that uncertainty about inflation has an influence on inflation has been tested in numerous studies. Cukierman and Meltzer (1986) found a positive relationship between inflation and inflation uncertainty, arguing that when inflation uncertainty increases, monetary authorities adopt an opportunistic behaviour in order to stimulate output growth by increasing the money supply, thereby generating higher inflation. In the opposite direction, Holland (1995) shows a negative relationship between inflation and inflation uncertainty. Holland found that, in conditions of high uncertainty, monetary authorities have a stabilizing behaviour manifested by reducing the money supply in order to reduce the negative effects of inflation uncertainty on the economy (also known as the Fed hypothesis). The opportunistic or stabilization behaviour of the monetary authorities depends on the level of independence of the central bank (Grier and Perry, 1998) , and on the economic situation of a country. Therefore, the extent to which monetary policy affects inflation is difficult to predict. Recent studies have confirmed this hypothesis (Grier and Perry, 1998 
H4: Output growth uncertainty Granger-causes inflation
In addition to inflation uncertainty, it is generally acknowledged that the real uncertainty can affect the inflation rate. Devereux (1989) and more recently Cukierman and Gerlach (2003) identified a positive relationship between real uncertainty and inflation, while Cukierman and Meltzer (1986) claimed the existence of a negative relationship between the two variables. Using the BarroGordon model, Devereux (1989) showed that the optimal amount of wage indexation is reduced when the the real uncertainty increases causing the monetary authority to generate unexpected inflation for agents. Cukierman and Meltzer (1986) stated that a greater uncertainty about economic growth reduces inflation uncertainty, therefore it reduces inflation. More recent studies conducted mostly in developed countries have shown a relationship between the growth and inflation uncertainties (Fountas and Karanasos, 2007) .
H5: Output growth uncertainty Granger-causes output growth
Numerous studies have identified a relationship between real uncertainty and output growth, but the sign of this effect is ambiguous. Mirman (1971) argues that high levels of economic growth uncertainty causes an increase in the savings rate and thus it leads to higher economic growth rate. After studying the impact on investments in riskier technologies, Black (1987) shows that there is a positive relationship between the real uncertainty and the output growth if the expected return is large enough to offset the risks associated with the investments. On the other hand, Pindyck (1991) showed that between output growth and output growth uncertainty there is a negative relationship determined by the fact that higher uncertainty about future profits generated by these investments leads to a delay or cancellation of investments, leading further to a lower level of economic growth. Recent studies have confirmed the influence of output growth on real uncertainty, but with the same ambiguity concerning the sign of this relationship ( 
H6: Output growth Granger-causes inflation uncertainty
Regarding the impact of output growth on inflation uncertainty, Bruner (1993) demonstrated the existence of a negative relationship between the two. On the other hand, Hungarian and Zilberfarb (1993) found that high levels of economic growth can lead to low levels of inflation, resulting in a reduced inflation uncertainty. More recently, Grier and Perry (2000) , Elder (2004) and Fountas et al (2006) provide evidence that nominal uncertainty is a negative determinant of growth in almost all the developed countries considered in their studies.
H7: Output growth Granger-causes output growth uncertainty
The least tested hypothesis in the literature is the assumption on the influence of output growth on real uncertainty. A negative relationship between the two can be explained by the fact that, in the short term, sustained economic growth leads to an increase in inflation. Based on Friedman's theory (1977), this will increase inflation uncertainty. This, paired with Taylor's theory (1979) that there is a trade-off between inflation uncertainty and output growth uncertainty, will result in a lower output growth uncertainty. A positive relationship between output growth and real uncertainty can be explained by the fact that, when the economic growth rate decreases, the monetary policy's response makes the inflation rate become more uncertain, thus -meaning that it will be characterized by a higher uncertainty (Brunner, 1993) . A positive relationship between the output growth and the real uncertainty can be explained by the fact that, when the economic growth rate decreases, the monetary policy's response makes the inflation rate highly uncertain (Brunner, 1993) . Furthermore, under the Taylor effect, we can conclude that in this case the uncertainty of output growth will increase, thus highlighting the positive direction of the relationship.
The debates over the relationships between inflation, output growth and their uncertainties, and respectively over the empirical estimations of these casual relationships are very numerous in the literature. However, there is not an empirical unanimity in the results of the studies, which can be explained by the high degree of cross-country heterogeneity (Greenspan, 2004) or by the actual specific challenges that cause fundamental changes in the monetary policies (Hartmann and Roestel, 2014) .
For Romania, we found few studies concentrating on the analysis of the causal relationship between inflation, output growth and their uncertainties. When discussing the uncertainty of the inflation and the output growth, other means can be used for their estimation. One of the simplest method was proposed by Hafer (1986) and Davis and Kanago (2000) , who use standard deviation to estimate uncertainty. Another manner is introduced by Johnson (2002) , who estimates the uncertainty by the error generated by a simple forecast model.
A very large part of the literature proposes the estimation of the uncertainty, with good results, by means of the conditional variance estimated through a heteroskedastic model. In the present analysis, for estimating uncertainty we take into consideration more heteroskedastic models (ARCH, GARCH, EGARCH, GARCH-M, PARCH), that were in accordance with the literature and recent research papers. From the estimated models, we will choose the best fitted model based on the values of the information criteria Akaike (AIC) Schwarz (SIC) and Hannan-Quinn(HQ).
The first part of the analysis consists in testing the stationarity of the series taken into consideration. If we do not confirm the stationarity hypothesis for one of the series, then we have to stationaries the series through one of the traditional procedures, such as the creation of the series of first-order differences. We will use the Augmented Dickey-Fuller (ADF), Phillips-Perron and Kwiatkowski-PhillipsSchmidt-Shin (KPSS) tests in order to test the stationarity.
Then, according to the methodology proposed by Fountas and Karanasos (2007), based on the stationary series, we will estimate a bi-variate VAR model which computes the conditional means of the inflation rate and the output growth.
The scope of this method is to identify the optimum lag length of their correlation. The number of lags is chosen using the Akaike (AIC) and Schwarz (SIC) information criteria.
After obtaining the optimum lag length, we estimate the uncertainties for the two considered variables, namely inflation and output growth. By means of Granger causality tests, we search for the existence of a causality relationship between these two variables. As stated before, we measure the uncertainties through the conditional variance of these variances estimated based on the heteroskedastic models.
We consider five heteroskedastic models for estimating uncertainty, namely: ARCH, GARCH, EGARCH, GARCH-M and PARCH. The model used for estimating the conditional variance, which measures the inflation uncertainty, will be chosen based on the Akike and Schwarz information criteria applied to the lowest absolute values.
The starting point for many subsequent developments is the ARCH model (Engle, 1982) , which was highly debated and analysed (Bollerslev ). In the ARCH process of order q, the conditional variance takes the following form:
where ω > 0 and αj ≥ 0 to ensure the conditions that ht should always be positive.
The GARCH model (Bollerslev, 1986 ) offers the possibility to measure uncertainty for inflation and output growth, including the lagged conditional variances as autoregressive terms.
For GARCH (1,1) the model has the specification:
where Xt is a kx1 vector of independent variables, β is a kx1 vector of regression coefficients, and εt is the residual, respecting the condition
ht is the conditional variance, which is estimated by the equation:
EGARCH (1,1) proposed by Nelson (1991) has the same specification and the conditional variance is obtained by the equation: ,1), but the conditional mean depends on its own conditional variance. This model has the specification:
Another development of the GARCH models was achieved by Taylor (1986) and Schwert (1989) , who introduced the standard deviation GARCH model, where the standard deviation rather than the variance is modelled. This model, along with several others, was generalized by Ding et al. (1993) with the Power ARCH specification. In the Power ARCH model, the power parameter δ of the standard deviation can be estimated rather than imposed, and the optional γ parameters are added to capture asymmetry of up to order r: After choosing the best fitted model, we generate the conditional variance series and we will use these series as the uncertainties of the two macroeconomic variables. The next step is to test the Granger causality for 4, 8 and 12 lags. The causality tests will be applied for the 7 relationships between inflation, output growth and their uncertainties, with the corresponding number of lags. The results of the tests will point out the type of correlation between the variables. For the statistical significant correlations we will estimate a VAR model, in order to determine the sign of the causality.
EMPIRICAL RESULTS
The empirical analysis performed in our paper concerns the causality between inflation, output growth, inflation uncertainty and output growth in Romania.
Because the analysed period (1990-2014) is characterized at its beginning by the struggle of the policy makers to create the institutional framework for a free economy, in the 1990's we encounter very high inflation rates. In order to capture the specificity of that decade, we worked with 2 sub-samples. The breaking point was chosen in compliance with an earlier analysis . Therefore, the two sub-samples used are After 2001, the monetary policy strategy of the National Bank of Romania was direct inflation targeting. We chose the breaking point considering that November 2004 was the first month to have an inflation average for the last 12 months lower than 10. The breaking point highlighted a level of steady-state inflation uncertainty which reflects the uncertainty when inflation is at its steadystate level and there are no shocks to the system (Caporale et al, 2010) . This breaking point was tested by means of the Chow test. The results indicated that November 2004 represents a breaking point in the inflation series.
As stated previously, the inflation is measured by the annualized monthly difference of the log CPI and the output growth by the annualized monthly difference of the log of the IPI. The summary statistics of these two variables are provided in Table 1 . Table 1 highlights very high values of inflation and very low values for the output growth in the first sub-sample. The first decade is represented by the period when Romania begun the transition towards the market economy system and the price liberalization was one of the first economic measures to be adopted. Following the measures of economic policy adopted in the 1990s, the yearly inflation in Romania exceeded 200 %. The reformation and restructuring process of the economic system determined important output drops in the early stages of transition.
The second sub-sample is characterized by a more stable and significantly lower inflation determined by an increased stability of the macroeconomic environment. The output growth has a low mean value and is characterized by a high variability, enhanced by the recent economic crisis.
a. Testing for stationarity
We start by testing the stationarity of data series using the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests, for which the null hypothesis is the non-stationarity hypothesis and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, for which the null hypothesis is the stationarity one. The results of the statistical testing are presented in Table 2 . The applied tests highlight that the analysed variables are stationary for the 2 sub-samples. Because the stationarity condition is satisfied for the 2 variables, for both periods, we continue our analysis by applying VAR and Granger-causality test methods in order to identify the adequate number of lags for each variable, as well as the lead-lag interactions between variables.
b. Modelling of the inflation, output growth and their uncertainties
Using the Likelihood Ratio (LR), Akaike (AIC), Schwarz (SIC) and Hannan-Quinn (HQ) information criteria, we identify a maximum of 3 lags in the first period and 12 lags in the second period for each relation between inflation and output growth. Using VAR Granger Causality, we identified the dependent variable which will be used to estimate the five specified models (ARCH, GARCH, EGARCH, GARCH-M and PARCH). The best fitted model is chosen using information criteria. The estimated equations for inflation, output growth and their uncertainties are presented in the Table 3 . For measuring uncertainties, we generate the conditional variance series given by the chosen heteroskedastic model. Then we test the 7 economic hypotheses using the Granger-causality methodology. The results of Grangercausality tests between inflation, output growth and their uncertainties are presented in Table 4 . In order to ensure the robustness of the results, the Grangercausality tests are performed for 4, 8 and 12lags. For the statistically significant causality relations, we determined the sign of the relationship by means of VAR. The Friedman-Ball hypothesis is the only hypothesis that is fully confirmed for both sub-samples. The second Friedman hypothesis is fully validated for the first period and partially validated for the second one. A negative causality between inflation uncertainty and inflation is obtained for the period before 2004, while for the second period the results are inconsistent.
Strong empirical evidence was also found for the positive causality between output growth and inflation uncertainty after 2004, while for the negative relation between output growth and output growth uncertainty we found evidences for the first period.
CONCLUSIONS
It is widely accepted that an economy characterized by low inflation is beneficial for the growth and stability of the macroeconomic environment.
Important variation of inflation and economic growth generates an increase in uncertainty about the future evolution of these indicators, which may affect the decision-making process of business and consumers.
In this paper, using monthly-recorded data for Romania (for the period 1990-2004)7 hypotheses were tested regarding the causal relationships between inflation, output growth and their uncertainties, for which strong theoretical and empirical evidence was found in literature.
Using real economic criteria and a breaking point test, we built two subsamples of data (October 1990-October 2004 and November 2004-November 2014). Empirical study results confirmed the Friedman-Ball hypothesis for both periods. In the first sub-sample, the price liberalization measures adopted in Romania in the early 1990s caused very high values for inflation, which led to an increase of uncertainty about future inflation rates. Increased uncertainty about the inflation generated high risks on long-term investments, on interest rates and on other economic variables, generally affecting the economic activity. Thus the negative effect of inflation uncertainty on economic growth emerged very clearly in Romania, in a time characterized by a high macroeconomic volatility.
In 2001, the National Bank of Romania has set inflation targeting as a priority of monetary policy strategy, specifically implemented in 2005. Thus, the second sub-sample corresponds to a period in which Romania was characterized by a lower variation of inflation, which led to a reduction in uncertainty about inflation. These results, consistent with those of Fountas et al (2004) and Hartmann and Roestel (2013) , emphasize the fact that in Romania's case, the effects of inflation on output growth have been stronger than in other countries, due to the fact that policy makers had to strengthen their efforts in order to keep inflation low. Keeping a low inflation rate and assuring a stable macroeconomic environment supports the Romanian National Bank's strategy aimed at ensuring a real convergence with the European Union.
Presently, measures adopted by the authorities for maintaining a reduced level of inflation have accentuated the apparition of a phenomena never encountered before in the Romanian economy, namely deflation. Even though, in the short term, the deflationist shocks may have positive effects, in the long term, this can generate negative effects (decreased production, increased unemployment rate, stagnation of the economic growth).
Moreover, the implementation in Romania, as of 1 st June 2015, of the measure regarding the decreased Value Added Tax on food and non-alcoholic drinks and the new Fiscal Code (as of 1 st January 2016), will lead to a continuous decrease ing in the inflation rate. In order to control deflation, the policy makers should adopt a mixture of monetary and fiscal policies which would maintain price stability and assure a sustainable economic growth.
